In critical care environments such as the emergency department (ED), many activities and decisions are not planned. In this study, we developed a new methodology for systematically studying what are these unplanned activities and decisions. This methodology expands the traditional naturalistic decision making (NDM) frameworks by explicitly identifying the role of environmental factors in decision making. We focused on decisions made by ED physicians as they transitioned between tasks. Through ethnographic data collection, we developed a taxonomy of decision types. The empirical data provide important insight to the complexity of the ED environment by highlighting adaptive behavior in this intricate milieu. Our results show that half of decisions in the ED we studied are not planned, rather decisions are opportunistic decision (34%) or influenced by interruptions or distractions (21%). What impacts these unplanned decisions have on the quality, safety, and efficiency in the ED environment are important research topics for future investigation.
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Introduction
Emergency departments (ED) in hospitals are complex environments that are high-workload, both information intensive and information poor, time sensitive, highly stressful, non-deterministic, interruption-laden, and life-critical. Optimal decision making, in these conditions, is difficult and sometimes impossible. As a result, physicians frequently make their decisions based on heuristics they have developed, opportunities that arise, or other external demands on their attention and activities. Effectively and efficiently managing cognitive, physical, spatial, and temporal resources in the ED environment is crucial for patient safety and quality of care.
In this paper, we begin with a description of our observations concerning the decisions made during task transitions in the ED. Next, we explain our taxonomy of decision types for task transitions based on the empirical study in the ED. Finally, we discuss the implications of task transition decision making by addressing the complexity issues for critical care in the context of patient safety, with a focus on opportunistic decision making.
The study of medical decision making is an increasingly influential area of research in biomedical informatics. Current theories of decision making from classical models of risk and utility to contextual models of naturalistic decision making (NDM) all emphasize the inherent factors of uncertainty and complexity in the medical decision process [1, 2] . Task complexity, including that created by uncertainty and non-linearity, affects the efficiency of decisionmaking, as more complex tasks require more cognitive effort [3, 4] . Decision support systems are one means of aiding and alleviating some of the difficulty [5] . However, much of the research on decision making and decision support systems has focused on the choices made during the care and treatment of a single patient. That is, these models revolve around a within-task choice in treatment or diagnostic reasoning. While this is a rich area for potential support with technology and a point in care with significant risk for error, physicians, particularly those in critical care environments such as emergency departments (EDs), also make many decisions across tasks (e.g. the selection of what to do next from multiple choices after finishing, or being interrupted on one task). These dynamic decisions (e.g., a series of decisions in real time [6] ) during task transitions span a range of sub-goals, such as maintenance of situational awareness of the ED, concurrent care of multiple patients, and the training of medical students.
Our approach to decision making during task transitions is based on the distributed cognition perspective, which considers the ED as a distributed system composed of individuals and technology situated on complex physical, social, organizational environment extended across space and time [7] [8] [9] . This first study in our research program begins with the perspective of a single individual, the attending physician. We focus on how the environ-mental factors including interactions within the network of care providers and the artifacts in the ED affect what decisions are made. Building off previous research exploring naturalistic decision making from the impact of environmental factors on nursing triage decisions [10] , cognitive schema in evidence based practice [11] and the effect of multitasking and interruptions on workflow [12] , we focus here on decision types rather than generalized decision processes creating a broad perspective on critical care activities as well as a unique view of the complexity of an emergency department. Combining our novel method of categorizing physicians' behaviors with a cognitive, ecologically based NDM [2] paradigm, we aim to create a framework capable of capturing the decisions made by the physicians as well as the environmental factors that contribute to these choices. Our goal is to create a taxonomy that elucidates the types of decisions made by physicians as they balance situational factors, system-wide decisions, and the care of individual patients. Such a classification system, highlighting the variability of the decisions made in complex medical environments, has important implications for critical care management and cognitive support for across-task decisions that are not covered by existing models of medical decision making.
Background and related studies
Traditional theories of decision making based on uncertainty, risk, and utility have been applied in medical domains [1, 13, 14] . Everything from formal decision analysis using standard decision trees [15] to computational methods [16] have been employed to represent problems and decisions in health care. While the goal of this paper is not to critique traditional versus contextual models of decision making (see Patel et al. [17] for such arguments), the decisions covered by the above theories characteristically focus on the selection of an optimal or rational choice from an array of possible choices within a given task. For example, Karni's utility model [18] proposes that medical decision making ''refers to the choice of a course of action following a diagnosis of a patient's condition. . . where the objective of both parties [doctor and patient] is to choose the treatment that is best from the viewpoint of the patient's welfare in all its relevant aspects.'' Even Markov models designed to evaluate and simulate sequential decisions over time typically focus on specific clinical treatment problems such as the timing of a liver transplant [19] , or the selection of a drug infusion plan [20] .
Contextual or ecologically based paradigms of NDM are distinct from classical, normative models of decision theory in that NDM theories focus on decision making in complex, natural environments. NDM includes the influence of an individual's knowledge and experience on their ability to assess complex (and uncertain) situations and to act on their knowledge in light of environmental factors [21] . However, while NDM recognizes that individuals' decisions often deviate from the axioms of expected utility or probability theory [22, 23] , NDM's models of pattern recognition, analysis, simulation, and evaluation of scenarios and responses are also often studied within-task (e.g. anti-air warfare command and control officers [24] ; behaviors by fireground commanders [25] , pilots [26] and nurses [27] ).
Although studies of NDM in medicine [17, 28] have begun to shed light on the importance of viewing decision making as a complex, multi-layered situated process [11, 17, 28] , there is a need to further develop methodologies that cover the full range of the medical decision making tasks including decisions during task transitions.
The awareness of contextual factors is often noted in the NDM literature (e.g. external stressors), however, few studies consider the influence of these variables on decision making strategies [29] . Bond and Cooper [30] note the importance of the contextual factors on NDM in a generalized model, however, these contextual factors are not integrated within their adaptation of their NDM model [31] , Hedberg and Larson [32] explored the environmental elements (that) have to be well considered before knowledge can be reached about decision-making in practice and found that interruptions and work procedures influenced the decision making of expert nurses. This finding is similar to work by Hayes-Roth [33] concerning planning behavior. Hayes-Roths' model predicts that different steps of the planning process are strictly ordered: their sequence is determined partly by the structure of the problem and partly by which information happens to be available, or which inferences happen to be activated, at which times. Although, not focused on decision making but rather needed work-arounds, Wears and Perry [34] also note the impact of insufficient human-factors engineering in emergency department workflow. Taken together these studies provide evidence that suggests the key to exploring the kinds of decisions made in complex medical environments lies in the circumstances under which decisions are made. That is, doctors plan and make decisions under the influence of environmental factors, which are often non-deterministic.
Therefore, to find the types of decisions made between tasks, we began by exploring the elements that influence behavior in the critical care environment of the emergency department. From there, we categorized the antecedents to events and their resulting decisions. By creating a taxonomy of decision types, we can explore the prevalence of these choices across physicians and environments (e.g. events during any shift) to consider generalizable patterns. We will conclude with a discussion of the implications of decision making across the boundaries of individual patient care.
Methodology

Forming a framework to categorize decision types
Naturalistic decision making research involves observing behaviors in the field and creating detailed descriptive accounts. Building on this methodology, we used a method combining an a priori classification framework with the provision of adding new categories discovered inductively in the data using Grounded Theory [35] .
Decisions in the ED can be described at many levels of granularity. For example, X-raying a patient's leg can be categorized at an abstract level as patient care, at a basic level of the decision as to the next step in assessment/diagnosis, or at a fine grain level (sub-ordinate) of the selection of imaging techniques (see Rosch [36] , and Smith and Medin [37] for discussions on categorization). Therefore, it is necessary to specify at what level of detail efforts should be concentrated and analysis should occur. Using the multi-stage iterative method described in the Hybrid Method to Classify Interruptions and Activities (HyMCIA) developed by Brixey and colleagues [38] , we adopted a flexible framework that allowed for categories to emerge both in data collection and analysis.
Data acquisition
Data was collected using shadowed observations. In shadowing a physician an observer records the details of the actions and interactions of the targeted individual. A convenience sample of five attending physicians were shadowed during their scheduled shifts. In the course of data collection, physicians were observed for four to 8 hours of each observed shift. Seven sessions across the five physicians totaling over 40 h of observation provided rich data for the analysis of workflow processes and decision making. During the shadowing sessions, environmental elements in the ED were recorded, including the actions and the locations of the activities by physicians, the time, the participants involved in the task (e.g. the other parties the physician might be speaking with, caring for, or interacting with), all observable antecedent events (e.g. being asked to attend to a patient, answer a call, responding to an alarm, etc.), and other ongoing events in the ED (e.g. arrival of new patients, consulting physicians from other departments appearing in the ED, number of beds filled, etc.). In addition to shadowed observation, our methods included a 'think aloud' narration of the physician's activities [39] . However, given the demands of the ED, should a physician fail to provide this narrative no attempts were made to ask for clarification of the actions observed. To prevent any potential harm or alteration in the functioning of the ED, our observers did not interrupt or engage the physicians. Similarly, at a patient's request, observers waited outside treatment rooms limiting data collection for infrequent spans of time.
All participants gave written informed consent prior to observation. Activities were recorded as they occurred and often included multiple activities within a single minute. The observers recorded observations in field note form. The level of granularity captured by the recording system along with the features of the field note form was developed over multiple iterations until a standard level of recording was obtained. In addition to the handwritten notes, an electronic form (UObserve) was developed on iPhone. This electronic form included aspects of the semi-structure field note form along with drop down menus capturing activities, participants, locations and free text comment space as well. This electronic field note format was developed and tested in conjunction with the handwritten notes. Upon further validation and reliability measures, this method may be deployed exclusively.
The observers typically worked in teams of groups of at least two. During the initial stages of project, all of the observers shadowed a single target physician. In the later stages of the second half of the study, each observer followed individual targets (i.e. attending physician, resident physician, and trauma nurse.) The group observations were used in developing the study protocol and as a means of training of new observers.
There were four observers for this study. Observer 1 is a master's student in informatics as well as a trained MD. Observer 2 is a faculty member in the Center for Cognitive Informatics and Decision Making. She has over 10 years experience in qualitative observational methods but has no training as a health professional. Observer 3 is a graduate student in an informatics program with experience in human-factors psychology. Observer 4 is a Ph.D. student in informatics with training in computer science. Observer 4 created the iPhone application for the data collection. Each observer received training prior to data collection in the current protocol of observation and recording. During the actual data collection, the observers recorded their data independently and did not clarify observations (with each other or the physician) at that time. This independent data collection that was used to calculate inter-rater reliability for observations completed at a later time.
Data analysis
Following Grounded Theory, analysis of the data occurred concurrently with data collection and refinement in data collection protocols. The stages of data collection and analysis follow.
Shadowing protocol
(1) At the start of each shift, the physicians to be shadowed (and other observed members of the ED personnel) gave informed consent. (2) Shadowed physicians were then followed, as permitted, throughout all activities in the trauma ED.
(3) While detailed information was collected on the major activities of the shadowed physician, no recordings were made concerning the particular details of patient histories, patient treatments, and personal conversations. (4) Each observation session was recorded by hand and later converted in an excel file (see Fig. 1 ).
Initially, the data collected was read and reread to gather a sense of the overall shift and gaps in the notes were noted [40, 41] . Over multiple-observations, the protocol for data collection became more refined as a standard for data collection was achieved. Multiple observers worked together comparing initial observations to determine the contextual factors needed to understand ED workflow (e.g. number of people in the waiting room, delays in imaging, etc.) post observation. From this comparison, a level of specification in detail was determined as being optimal for data collection (i.e. sparse enough level of detail to be captured by hand recording) and of sufficient quality for post observation recall (i.e. great enough detail for clarity). For example, a physician ordering a medication was an activity that was recorded, however, the drug, dosage, and directions for administration were not included in our field notes. Our data collection was centered at a basic level of categorization [42] that subsumed the details of many tasks (e.g. entering passcodes, calling up patient record, entering data into fields are all part of charting). Such details including information like the type of drug or its administration may be useful for a focused task analysis, however, concerning the decisions made across the care and management of an entire ED, a broader view of decision making is needed to depict more generalizable patterns in this initial study. In addition to selecting what aspects of a task were or were not included in our notes, a number of data fields also emerged as central parts of our recording system. For each observation, our team members recorded the time, location, the roles' of participants in activity (e.g. attending physician and resident), known situational factors (e.g. number of patients needing triage), activities and the perceived goal of each action.
Data cleaning
Following field recording, each file was cleaned for consistency in the presentation of data elements and the data was transferred into Excel files (with cells for time, location, participants, activities, and antecedent events.), which were compared across observers with differences reconciled through discussion. For example, time stamps were used to determine the range of events. If multiple events were coded as a single observation by one observer and as separate occurrences by a second observer, a discussion ensued. Typically, this resulted in the observations being corrected to fit the multiple-observation format (see Fig. 2 ). Clinical collaborators also provided insight as needed into understanding and describing the work processes observed. As our observations involved task transitions (e.g. shifting between patients, seeking information from others/computer records) limited understanding of medical procedures is required. A small number of data gaps were found (i.e. activities observed by only one coder (n = 13 of 285 observations used in final reliability assessment)). Once all transcribers agreed on the field notes, these notes were then analyzed for decisions types and environmental factors. Reliability was achieved, although disagreements in coding were kept as points for discussion and consideration.
Results
Decision types during task transitions
According to our distributed cognition framework for decision making, physician decisions in the ED are affected by a number of factors including cognitive (mental processing, cognitive capabilities, etc.), clinical (e.g., severity levels, diagnosis, etc.), physical (e.g., physical proximity, ED layout, etc.), organizational (division of labor, reporting structure, etc.), and human and equipment (personnel, patients, equipment, etc.) resources. Much of the prior work on workflow and decision making in the ED has focused on creating clinical pathways or elucidating naturalistic decisions in patient treatment. Our observations suggest a need to explore decision making at a different level. That is, what decisions do physicians make when selecting between pending goals? We analyzed the data to understand how these factors affect workflow through decisions during task transitions.
Based on our previous work [38, 43] , we began with a list of canonical activities physicians complete in the ED. This includes common tasks such as patient assessment, observation, and communication. From our field notes, we analyzed these activities, the overarching goal for which each activity is conducted (e.g. care of patients, student teaching, etc.), the events surrounding each activity (e.g. patient arrival, X-rays complete), and the situational factors at that moment. Using these methods we determined that there are a number of task shifts in which a physician must select what their next action should be. The most obvious of these between tasks choices is the decision of what to do following the completion of a goal. As the chaos of the ED rarely allows a physician to see a task (such as caring of a single patient) through from beginning to end without a break, the selection of between -task actions moves physicians from one goal to the next without a necessary completion of task. These shifts between goals are areas of potential error.
In addition to decisions of what task to move onto following the completion of a goal, movement between the care of multiple patients is a type of between task decisions. That is in the goal of caring for patient 1, the care of patient 2 is a switch in task.
A number of categories of behaviors emerged from our data such as a deciding on the next goal, moving between patients, switching between roles (physician as care giver versus physician as teacher), and coping with environmentally forced breaks in task (interruptions, delays, and other disruptions). All of the aforementioned decisions are considered to be concerned with between task decisions (or goal selection). Using these decision spaces, we then consider what types of decisions are made in these moments.
Three main types of decisions emerged from our analyses. Physicians made logical progression or planned decisions as they actively selected their next action. Our iterative analysis quickly revealed that many activities follow a return to the logical progression of patient care after the completion of a different task. For example, although the attending physician may have seen other patients since the initial exam of the patient in Trauma Room 1, when the attending physician views the patient's X-rays and he then decides to chart the findings, this is considered a planned choice (or logical progression) in treating this patient.
A second type of decision that emerged from the data is opportunistic decisions. These decisions are a choice in action created through unanticipated circumstances such as when moving between two tasks. For example, if a doctor stops to check on a patient sitting in the hall although he said in his think aloud protocol that he was moving to the CT room, we consider this stop along the way a decision of opportunity.
Similar unexpected choices or breaks in task, our third decision type, are sometimes forced upon a physician via an interruption or disruption. These breaks can be momentary such as the disruption of a pager going off (followed by a quick return to the previous activity) or an interruption by a nurse whose need requires an immediate change in task. Brixey et al. [38] and Hedberg et al. [32] have both discussed the impact of interruptions on work flow and decision making within critical care environments (see Fig. 3 ).
Beyond identifying decisions types based on the intent of the physician (to select the next task = planned, respond to a break in task = disruption or interruption, or take advantage of an unexpected chance = opportunistic decision), we also must consider the role of the environmental elements or contextual factors that influence decisions. That is, what led to these decisions types.
Details of decision types
Further analysis of the details of our data led to the discovery that within each broad decision type, additional contextual influences could be identified. Planned decisions, which can follow the clinical pathway of treatment or the logical progression of care, can also be structured by the directions of a superior/colleague (e.g. an agreed upon course of action such as the order of completing hand offs during a shift changed). We therefore broadly define planned decisions as those in which an individual selects the next activity regardless of the source of impetus. These sources of influence can and do include:
Planned decisions -Protocol/logical -next step in action series before the completion of a larger goal (e.g. following assessment there is creation of a treatment plan). -External forces -external forces that shape the selection of activity. This is typically patient needs/status/priority or supervisor direction. This type of external force decision only occurs when the next activity is to be selected -otherwise an urgent patient need during an ongoing activity is coded as an interruption. -Preference -individual selection of next activity when no other outside forces influence the selection of the decision. This is a habitual choice rather than a single decision that is likely to have some outside influence. (This could be a choice to physically walk around the department when load is low rather than updating situational awareness using Medhost as a proxy for walking the department (i.e. a 'virtual' walk around).
Similarly for breaks in task, the catalyst for the change in activities can derive from a number of sources. Physicians are often interrupted during a task by needs of others including nurses, students, and patients. On a number of occasions we have also observed physicians interrupting themselves. That is, the physician, either by action or through the think aloud protocol, projects one intended goal, but prior to reaching the necessary location, stops and redirects himself. Disruptions can also have a number of sources (devices such as phones, pagers, or alarms) that cause momentary breaks in task. However, unlike an interruption, a disruption does not involve a change in task. For example, in the course of taking a phone call a nurse may walk up to the physician. The doctor might hold up her index finger to indicate to the nurse to wait all without a break in speaking. We would consider the nurse's approach as a disruption (although not an interruption as the physician's task is continued to completion). Breaks in task are defined as seen below.
Break in task -Interruption -occurs during ongoing activity and requires a shift in task.
By organizational design -the physical layout of the workspace causes a break in work flow. For example, a physician may intend to check on patient in Trauma 1 and begin to walk to this treatment area, however, their progress is stymied because of chairs/beds/people blocking the area causing a shift to a new task. By other/artifact -an outside entity causes ongoing activity to be suspended and activity directed to another task (e.g. need to teach a student a procedure, need to provide information for nurse, etc.) Self -an individual, independent of another person, suspends an activity to perform another activity (e.g. interrupting charting to locate additional information, stopping as you walk down the hall because you think of something).
-Disruption By Other/Artifact -outside entity disrupts/overlaps with ongoing activity but this ongoing activity is not suspended (e.g. receiving a page but continuing with a procedure).
Finally, opportunistic decisions arise from the conflation of several unforeseen events. This includes a doctor being in the right place to complete an unexpected task, someone having additional resources available to them (such as unexpected personnel on the shift) or having a bit of free time when blocked from completing a task (e.g. waiting for an image to load.) Like opportunistic planning [33] , in which individuals spontaneously take advantage of unforeseen opportunities to achieve their goals, opportunistic decisions are choices in action created through unanticipated circumstances. 1 The three main sources of opportunity are proximity, time, and resources. While the above decision types are mutually exclusive, the antecedent or contextual factors need not be. It is possible to have the right person, the right time, and the right resources simultaneously to allow for a decision/activity that otherwise would not have occurred.
In general, opportunities arise from:
Proximity -use of physical location in decision-making. Nearness makes desirable this course of action. Proximity is an opportunistic decision but not all opportunistic decisions require proximity. For example, a doctor can select the next patient based on his or her proximity, but locate a piece of needed equipment when it is found unexpectedly on the doctor's way to complete a different task. Time -often generated by artifact absence, lulls in work load or during necessary delays (time during an X-ray). For instance, in caring for a patient, a physician must step away from the bedside while X-rays are being taken. If the physician uses these few minutes to check on the patient in the adjoining bed, this decision is considered to be based on an opportunity of time.
Resources -staff, materials, and other resources influencing decisions. For example, an additional attending physician during a shift may alter the distribution of demands (e.g. as you are available for that task, I can now do this other task.)
After determining the decision types (at both a general and contextually specific level), we coded our transcribed field notes by including a decision type with each action. The figure below shows the progression from the raw narrative form to the final data elements including time, location, participants, activities, and decision type. A second decision is included to demonstrate the transition.
5. Reliability (see Fig. 4 
)
Following the creation and use of this coding method, interrater reliability was calculated to assess the robustness of our classification system. All codings including disagreements were independently recorded and a group discussion assessed potential system as well as individual biases. Just as our data collection protocol was developed through iterative analysis, our decision classification system also underwent revision. In its final form, three independent researchers reached 'substantial' reliability (Cohen kappa = .61) on coding behaviors with these decision types. For example, the observed behavior 'Attending is at PACS (Nurse's Station) reviewing CT image' was coded by all three observers as a planned decision/logical progression. For comparison all coders agreed that 'Sees Resident 1 charting nearby, talks with Res1 about image then goes onto discuss second patient' is an opportunistic decision of proximity.
After the completion of reliability measures, the remaining data was coded for decision type and the data was compared across sessions.
Decision types
The decision types for the seven sessions are displayed below in Fig. 5 . Rather, that showing the variability within each of the broad decision categories, we focus on the higher-level decisions. The more specific decisions including environmental factors are situation-specific (e.g. the factors vary according to shift, physician, and patients). (For more discussion on the distribution of these elements across decisions see Liu [44] .) Across seven attending physician shifts, clear patterns emerged where on average 45% (sd .14) of the physicians' decisions were planned, 34% (sd .15) were opportunistic, and 21% (sd .6) were produced by a break in task.
It is only through the inclusion of decision types, rather than descriptive decision processes that we can see that the choices made in the ER are most often (55% opportunistic + break) created by the environment, rather than by conscious selection of the physician. That is contrary to expectation, task transition decisions are not in most cases guided by protocol but are instead the result of situational factors. Further, as these decisions are not based on choices in diagnostic reasoning, treatment options or other well established guidelines, this research highlights the need for new research on cognitive support at this level of decision making. For example, information display systems showing the current status of all the patients in the emergency room may help physicians to better select the next patient to care for based on patient need (rather than the physicians memory of who needed assessment or the patient's proximity to the physician). Similar clinical dashboards have been developed for patient management in ICU care [45] and broader areas of resource allocation and project management. Our results suggest that work on the effect of opportunistic decision making on work flow is also needed. As opportunistic decisions account for one-third of the activity in the ED, it is important to determine if these choices maximize the efficiency of care or increase the complexity of an already chaotic environment.
In addition to physician data, two sessions observing the decisions of nurses were also analyzed. The nurse data was collected concurrently with the above physician data using identical methods. Like the physicians, the nurses had a large number of unplanned decisions, however, the proportion of planned decisions was higher for the nurses (56% and 63% respectively). Given this small quantity of data available and the variability between nurses, it is difficult to compare nurses decisions between tasks to physicians. Considering the differences in tasks, responsibilities and degree of independence in their work, physicians may respond more flexibly to their environment as reflected in non-deterministic decisions. Nurses, on the other hand, may have more direct contact with patients in procedural (i.e. planned) care. Such issues are being explored in current work. 
Discussion
Our results indicate the need for refinements to NDM Models. While the generalized model of Bond and Cooper [30] and Klein [23] do not presuppose only within-task decisions, it might be useful to integrate environmental influences and across task considerations into the models. We propose a refinement of the NDM model below for our ED environment. At the highest level of the model is the maintenance of situational awareness of the ED as a whole. This can include recognition of patterns concerning the care of individual patients or broad influences (e.g. knowing bars closed 10 min ago, to the typical flow of ED traffic on rainy days). Our consulting physicians emphasized to our research team their desire to quickly create a treatment plan for each new patient in the ED as well as the maintenance of a plan for the running of the entire department. We would like to suggest that the consideration of goals includes a competition or at least awareness of multiple concurrent aims (e.g. treatment of patients, supervision of personnel, training of students.) Beyond this step of recognizing the conflict, recursive loops are needed to allow for the simulation of one goal's actions, modification, and potential implementation and then another goal's simulation steps as part of goal resolution. To ascertain variations in the mechanisms between models including dependence on heuristics or planning would require efforts beyond the scope of this paper. Similarly, future research is needed to explore the demands of concurrent of conflicting needs on cognitive planning. In the meantime, our current results suggest that clinicians are guided by their situational awareness. These findings suggest that the implementation of information displays (i.e. clinical dashboards) may allow physicians to better manage both immediate/ intermediate goals as well as longer term planning through greater awareness of overall needs (see Fig. 6 ).
Conclusion
Our study has four implications for research on critical care complexity, medical decision making, and patient safety. First, our study focused on decision making during task transitions, which has important impact on workflow and ED complexity but has not received much attention in the traditional research on decision making. Second, we developed a new methodology for the study of decision making based on the distributed cognition framework that considers people and technology as an integrated system in complex physical, social, and organizational context. This methodology expanded the Recognition-Primed NDM framework by explicitly integrating a set of environment factors into decision making process and identifying their roles in decision making. Third, our study identified three major types of decisions during task transitions and this taxonomy is important in understanding how physicians make decisions in the ED and for developing decision support tools to improve decision making. Fourth, the empirical data provide important insight to the complexity or the chaotic nature of the ED environment. Our results show that half of decisions in the ED we studied are not planned, including 34% opportunistic decision making and 21% forced decisions by interruptions or distractions. How these unplanned decisions affect the quality, safety, and efficiency of care in the ED environment are important research topics that we are now investigating in our next phase of research.
